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I n t r o d u c t i o n  

I '  

I .  

The s tudy  of  a low d e n s i t y  g a s  f l u s h  t o  o b t a i n  and 
ma in ta in  a h igh  p u r i t y  t e s t  atmosphere, shows promise of  

reducing t h e  c o s t  of ground t e s t i n g  of nuc lea r  space power 
p l a n t s .  The p a r t i c u l a r  s i t u a t i o n  s t u d i e d  i n  t h i s  program 
invo lves  t h e  u s e  of high p u r i t y  argon a t  a reduced p r e s s u r e  
and t o  p r o t e c t  a columbium - 1% zirconium a l l o y  hea ted  t o  
1850° t o  2000° F. 

The use of commercially a v a i l a b l e  argon and o i l  s e a l e d  
mechanical vacuum pumps has  r e s u l t e d  i n  a t e s t  a r e a  impur i ty  
c o n c e n t r a t i o n  of  3 ppm a t  1 t o r r  t o t a l  p re s su re .  This  i s  
e q u i v a l e n t  t o  an impur i ty  p a r t i a l  p r e s s u r e  of 3 (IO+) t o r r .  
While t h i s  impur i ty  p re s su re  i s  low enough t o  t e s t  many 
materials f o r  reasonable  t i m e  p e r i o d s ,  an  impur i ty  p a r t i a l  
p r e s s u r e  of  10  t o  lo-'  t o r r  i s  r equ i r ed  f o r  long t e r m  
c r eep  tes ts  of t h e  h i g h l y  r e a c t i v e  r e f r a c t o r y  metal a l l o y s .  

,,"he purpose of t h i s  phase of t h e  i n v e s t i g a t i o n  w a s  t o  p u r i f y  
gases  t o  concen t r a t ions  of less than  1 ppm and t o  determine 
t h e  i m p u r i t i e s .  

-a 

/ 
A two-stage magnetic d e f l e c t i o n  m a s s  spectrometer  w a s  

des igned ,  cons t ruc t ed  and eva lua ted  f o r  a n a l y s i s  of i m p u r i t i e s  
i n  a g a s  stream. The equipment i s  capable  of d e t e c t i n g  

i m p u r i t i e s  i n  a g a s  stream. 
The designed gas  p u r i f i c a t i o n  system w a s  demonstrated t o  

be capable  of  reducing t h e  impur i ty  c o n t e n t  of a l l  gases  below 
.3 ppm w i t h  t h e  except ion  of t h e  CO peak. 
c o n t e n t  of CO was 1 ppm. 

The maximum impur i ty  

The combination of t h e  p u r i f i c a t i o n  system and t h e  a n a l y s i s  

equipment permi t  t h e  development of  t h e  program t o  o b t a i n  

i m p u r i t i e s  corresponding t o  1 0  -7 t o  t o r r .  
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I ’  

Technica l  Diszuss ion  

To o b t a i n  a hiqh r e s o l u t i o n ,  a n a l y t i c a l  m a s s  spec t rometer ,  
t h r e e  f a c t o r s  must be considered:  

1, 

2. 

3. 

S u f f i c i e n t  s i g n a l  s t r e n g t h  ( s e n s i t i v i t y )  t o  
d e t e c t  t h e  trace gases  wh i l e  o p e r a t i n g  t h e  system 
a t  a p r e s s u r e  low enough t o  p reven t  defocusing 
of the i o n  beam mus t  be provided.  

Con t ro l  of background gases  i n  t h e  a n a l y s i s  system 
t o  avoid ou tpu t  s i g n a l s  which mask t h e  d e t e c t i o n  
of trace g a s e s ,  

Minimizing Spseadii-iy of the spzctr~m = ~ t  pressl~re 
l e v e l s  corresponding t o  1-50 ppm due t o  ion  
s c a t t e r i n g ,  A s t o n  banding o r  i o n  r e f l e c t i o n s .  

Genera l ly ,  adequate r e s o l u t i o n  can be obta ined  s i n c e  
contaminant gases  are of low molecular  weight  ( u s u a l l y  less 
t h a n  l o o ) ,  The fol lowing t h r e e  s e c t i o n s  d i s c u s s  t h e  
fac tors  l i s t e d  above i n  more d e t a i l .  
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S e n s i t i v i t y  

The s tandard  method of e v a l u a t i n g  the s e n s i t i v i t y  of a 

m a s s  spectrometer  measures the  amount o f  i o n  c u r r e n t  p e r  u n i t  
of p r e s s u r e  (expressed as amps/ torr) .  A t y p i c a l  va lue  f o r  
m a s s  spec t rometers  i s  amps/torr.  I f  t h e  spectrometer  i s  
opera ted  a t  a t o t a l  p r e s s u r e  of  t o r r ,  t h e  t o t a l  i o n  
c u r r e n t  would be 10  

of one p a r t  pe r  m i l l i o n  would g i v e  a s i g n a l  ou tpu t  of on ly  
amps, which i s  t o o  low a va lue  f o r  normal e l e c t r o n i c  

amps. A c o n s t i t u e n t  w i t h  a c o n c e n t r a t i o n  -1 0 

a m p l i f i e r s ,  To overcome t h i s  d i f f i c u l t y ,  e l e c t r o n  m u l t i p l i e r s ,  
which provide a g a i n  of l o 5  a r e  used. 
t o  t h e  e l e c t r o n i c  a m p l i f i e r  can t h e n  be measured. S ince  an 

e l e c t r o n i c  a m p l i f i e r  r e a d i l y  measures c u r r e n t  o f  10  -I3 amps 
wi thout  background n o i s e  i n t e r f e r e n c e ,  p a r t i a l  p r e s s u r e s  of 
-01 p a r t s  pe r  m i l l i o n  may be d e t e c t e d .  
of LO5 f o r  t h e  e l e c t r o n  m u l t i p l i e r ,  it must be opera ted  a t  
v o l t a g e s  i n  t h e  ranqe of 3000 t o  4000 v o l t s ,  The maximum 
o p e r a t i n g  p r e s s u r e  of a m u l t i p l i e r  i s  about  t o r r  t o  avoid 
e l e c t r i c a l  breakdown i n  t h e  h igh  v o l t a g e  f i e l d .  

An i n p u t  of 1 0  -I1 amps 

To o b t a i n  t h e  h i g h  g a i n  

However, even a t  t h i s  p r e s s u r e ,  t h e  no i se  i s  inc reased  
cons ide rab ly  over t h a t  obtained a t  low p r e s s u r e s ,  see Fig .  1, 
The no i se  l e v e l  i n  t h e  f i g u r e  i s  abnormally h igh  f o r  t h i s  

m u l t i p l i e r ,  Typica l  va lues  w e r e  between 1 t o  3 x 1 0  amps 
a t  3100 v o l t s .  The inc rease  w i t h  p r e s s u r e  i s  q u i t e  t y p i c a l  and 
h a s  been no t i ced  v i s u a l l y  over p r e s s u r e  ranges down t o  lo-’ t o  

-1 2 

torr .  This  sugges t s  t he  c u r r e n t  may be r e l a t e d  t o  some 
type  of a d i scha rge  phenomena, b u t  t h i s  has no t  been proven. 
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S e n s i t i v i t y  of  t h e  spectrometer  w a s  checked f o r  N2, 
argon and water  vapor.  A t  t h e  normal emission c u r r e n t  of 
1 . 5  m a  a t  35 eV, t h e  fol lowing va lues  w e r e  found a t  a p r e s s u r e  

of 1 t o  5 x torr: 

Argon . 3  amps/torr 
Nitrogen 3 amps/torr 
Water 2 amps/torr 

A f u r t h e r  ga in  i n  s e n s i t i v i t y  w a s  ob ta ined  by o p e r a t i n g  t h e  
i o n  source  r eg ion  a t  a h igher  p r e s s u r e ,  wh i l e  s t i l l  main ta in ing  
t h e  e l e c t r o n  m u l t i p l i e r  reg ion  a t  p r e s s u r e s  below t o r r .  
T h e  source  r eg ion  of t h e  equipment w a s  opera ted  a t  p r e s s u r e s  
as h igh  as  5 x torr  while  main ta in ing  t h e  r equ i r ed  
r e s o l u t i o n  and performance of the m a s s  spec t rometer ,  t h u s  
al lowing f o r  a cons ide rab le  g a i n  i n  s e n s i t i v i t y ,  and t h e  
a b i l i t y  t o  o p e r a t e  f u r t h e r  above t h e  no i se  l e v e l  of t h e  e l e c t r o n i c  
a m p l i f i e r .  A s  an example, a .01 p a r t  pe r  m i l l i o n  c o n c e n t r a t i o n  
a t  a t o t a l  p r e s s u r e  of 5 x t o r r  i n  t h e  source  r eg ion  produced 
a c u r r e n t  i npu t  t o  the  e l e c t r o n  m u l t i p l i e r  of 5 x 1 0  -I7 amps 

f o r  t h e  spectrometer  s e n s i t i v i t y  of amps pe r  t o r r .  The 
e l e c t r o n  m u l t i p l i e r  g a i n  of l o 5  r e s u l t e d  i n  an a m p l i f i e r  i n p u t  
s i g n a l  of 5 x 10  

o p e r a t i o n  above t h e  n o i s e  l e v e l .  

amps, which i s  a reasonable  va lue  f o r  -1 2 

Backqround G a s e s  

The use of h igh  speed pumping systems and good u l t r a  h igh  
vacuum techniques  are a mandatory c o n d i t i o n  i n  o rde r  t o  minimize 

the e f f e c t  of background s y s t e m  gases .  
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The equipment w a s  baked a t  400 O C  i n  order t o  thoroughly 
degas the i n t e r i o r  s u r f a c e s .  
400 OC bake, a 100 OC bake removed any trace i m p u r i t i e s .  

Once t h e  system w a s  c l eaned  by a 

Spec t rum S p r e a d i n q  

A p e r f e c t  mass spectrometer w o u l d  focus a l l  i o n s  of a given 

s p e c i e  and n o t  pe rmi t  any i o n  of a d i f f e r e n t  mass t o  be c o l l e c t e d .  
I n  actual  practice,  a c e r t a i n  amount of defocusing does occur as 
a r e s u l t  of  t w o  p r i n c i p a l  condi t ions .  One i s  t h a t  i o n s  which are 
formed i n  t h e  source may randomly c o l l i d e  wi th  n e u t r a l  gas  mole- 
c u l e s  and are deflected s l i g h t l y  from t h e i r  normal p a t h ,  r e s u l t i n g  
i n  i o n s  which are c o l l e c t e d  a t  a lower energy than  t h e i r  sister i o n s  
of t h e  same mass. Second, an ion  s t r i k i n g  t h e  w a l l s  of t h e  spec t ro -  
meter t u b e  may be r e f l e c t e d  i n t o  t h e  c o l l e c t i o n  system, r e s u l t i n g  
i n  a fa lse  broad peak i n  a p a r t i c u l a r  r eg ion  of t h e  spectrum, 
Genera l ly ,  t h e s e  t w o  factors are of l i t t l e  concern u n t i l  one wishes 
t o  ana lyze  o r  d e t e c t  t r a c e  i m p u r i t i e s .  I n  t h i s  s i t u a t i o n ,  s i n c e  
it i s  necessa ry  t o  o p e r a t e  a t  r e l a t i v e l y  h igh  p r e s s u r e s ,  t h e r e  
i s  a h i g h e r  p r o b a b i l i t y  of an ion  s t r i k i n g  t h e  r e l a t i v e l y  p l e n t -  
i f u l  m o l e c u l e s .  
p r i n c i p a l  gas  r e s u l t s  i n  more ions  be ing  d e f l e c t e d  from bo th  the  

w a l l s  and from n e u t r a l  molecules, t o  produce false peaks o r  bands 
of peaks  i n  d i f f e r e n t  p a r t s  of t h e  spectrum, 

I n  a d d i t i o n ,  t h e  h igh  i o n  beam d e n s i t y  of t h e  

The r e s u l t  i s  seen i n  Fig.  2. The spectrum w a s  ob ta ined  from 
t h e  s i n g l e  s t a g e  magnetic d e f l e c t i o n  spec t rometer  u s e d  i n  Phase I 

of t h e  c o n t r a c t .  It has  t h e  same performance characterist ics as 

t h e  d o u b l e  s t a g e .  

In t e rmolecu la r  c o l l i s i o n ,  forming l o w  energy i o n s  i s  a pro-  

cess which occurs a t  a r a t e  p r o p o r t i o n a l  t o  t h e  square of t h e  
p r e s s u r e .  This  i s  t r u e  i f  t h e  fo l lowing  reasoning  i s  used. 
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The number of i o n s  formed is: 

N = k l P  

where N = rate of i o n s  formed by e l e c t r o n s  

kl = 

P =  source p r e s s u r e  

cons t an t ,  a func t ion  of emission c u r r e n t ,  geometry, 
etc.  

The number of in t e rmolecu la r  i o n s  formed, i.e., i o n s  
formed by ion-molecular c o l l i s i o n s  i s ,  

n = k 2  NP 

where k 2  = cons tan t ,  a func t ion  of geometry 
n = number of i o n s  formed due t o  in t e rmolecu la r  c o l l i -  

s i o n s  

Therefore ,  2 n = k k P  

n = K P  

1 2  
2 

The band d u e  t o  i o n  r e f l e c t i o n s  would react i n  
p r o p o r t i o n a l  t o  pressure. 

The p o r t i o n  of t h e  spectrum i n  t h e  r eg ion  22  - - 

a manner d i r e c t l y  

24 followed 
L a P l a w  w h i l e  most of the  res t  of t h e  spec t rum obeyed a P l a w .  

A s p e c t r u m  taken wi th  t h e  double d e f l e c t i o n  spec t rometer  i s  
shown i n  Fig.  3 .  The t o t a l  p r e s s u r e  and s e n s i t i v i t y  is approxi-  
ma te ly  t h e  same as t h a t  shown for  t h e  s i n g l e  s t a g e  spec t rometer .  

The  ion-molecular s c a t t e r i n g  problem w a s  minimized by 
reducing  t h e  p a t h  l e n g t h  t h a t  an i o n  t r a v e l s  i n  t h e  h igh  p r e s s u r e  
r e g i o n .  The maintenance of a pressure drop between t h e  sou rce  
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r e g i o n  and t h e  main tube  region of the spec t rometer  tube 
reduced t h e  p a t h  l e n g t h .  The p r i n c i p a l  p a t h  l e n g t h  of t h e  
i o n  i s  t h e n  i n  a r eg ion  of reduced p r e s s u r e  and longe r  mean 
f r e e  p a t h .  

l a r g e  spec t rometer  housing and by  i n s t a l l i n g  i o n  s t o p s  which 
t r a p  molecules  a t t empt ing  t o  e n t e r  t h e  c o l l e c t i o n  s l i t  from 
improper ang le s .  

Ion-wall r e f l e c t i o n s  were minimized by  us ing  a p h y s i c a l l y  

Reso lu t ion  

It w a s  decided tha t  t h e  ins t rument  should be a symmetrical 
2 "  r a d i u s  of  c u r v a t u r e  w i t h  .007" wide source  and i n t e r m e d i a t e  
s l i t .  A l s o ,  t h e  co l l ec to r ;  s l i t  w a s  made .030" t o  f a c i l i t a t e  
magnet a l ignment .  A r e s o l u t i o n  of 7 p a r t s  p e r  thousand would 
be ob ta ined  i f  t h e  s l i t  width and r a d i u s  of c u r v a t u r e  w e r e  
t h e  only  i n f l u e n c i n g  factors. The argon 40 peak appeared 
t r i a n g u l a r l y  shaped when t h e  s i g n a l  w a s  approximately one 
f u l l  scale on t h e  r eco rde r  c h a r t .  F u r t h e r  examination of t h e  
peak r evea led  an assymetric shape (see F ig .  4 ) .  The h i g h  m a s s  
s i d e  of t h e  peak i s  ve ry  abrupt .  The low m a s s  s i d e  had a long 
t a i l  extending down i n t o  t h e  34 t o  36 r eg ions .  This  t y p e  of 
phenomena could occur  for a t  least  two reasons:  improper magnet 
a l ignment  or l o w  energy argon 40 i o n s .  A t  a peak h e i g h t  of 

1.5% of  t h e  t o t a l  h e i g h t ,  t he  wid th  r ep resen ted  7 p a r t s  p e r  
thousand. 
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Performance 

F igs .  5 - 7 are examples of t h e  performance of t h e  i n s t r u -  

02, argon m i x t u r e  w i th  t h e  ment. F i g  5a i s  a spectrum of a N 

t o t a l  p r e s s u r e  be ing  approximately 3 x 10 t o r r .  The trace of 

oxygen and argon can be j u s t  de tec ted .  Fig.  5b i s  an i n c r e a s e  
i n  s e n s i t i v i t y  of  100 : 1. Only t h e  r eg ion  between masses 32 
and 40 are seen. A small peak a t  mass 36 is  d e t e c t a b l e ,  r ep re -  
s e n t i n g  approximately 3% of  t h e  40 peak. F ig .  6 shows t h e  same 
mass range a t  s e n s i t i v i t i e s  10 , 10  and 10 times g r e a t e r  t han  
t h a t  shown on Fig.  5a. Fig.  7a shows a peak corresponding t o  
,200 ppm of krypton  i n  t h e  sample. F igs .  7b and 7 c  show t h e  mass 
range between 46 and 50. A 10% of f u l l  scale d e f l e c t i o n  r ep re -  
s e n t s  .020 ppm. A r educ t ion  i n  amplifier band width and scan  
speed wou ld  enab le  d e t e c t i o n  of ,010 ppm. 

-6 2' 

3 4 5 

Fig.  8 i s  a normal spectrum from t h e  equipment used f o r  
t h i s  s tudy ,  

- G a s  P u r i f i c a t i o n  System 

I n t r o d u c t i o n  

The gas  c l ean ing  system worked w e l l  f o r  a l l  gases except 
CO. Water, CO, C02 and hydrogen w e r e  t h e  o n l y  gases  d e t e c t e d  
a t  concen t r a t ions  g r e a t e r  than .02 ppm. All gases except  CO 

w e r e  below , 3  ppm. The behavior of CO i s  p e c u l i a r  and i t s  
source could  n o t  be p o s i t i v e l y  i d e n t i f i e d .  

Desc r ip t ion  of - t h e  - G a s  - P u r i f i c a t i o n  S y s  t e m  

The system cons i s t ed  of a t i t a n i u m  f o i l  g e t t e r  and a mole- 
c u l a r  s i e v e  abso rp t ion  column. The e n t i r e  system w a s  bakeable t o  
300 OC and d i d  n o t  have any o rgan ic  seals o r  va lves  except  t h e  
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p r e s s u r e  r e g u l a t o r .  
p u r i t y  gas s e r v i c e .  During normal o p e r a t i o n ,  t h e  gas  wou ld  
t r a v e l  from t h e  gas  s t o r a g e  c y l i n d e r  through t h e  molecular s i e v e  
column t o  the  t i t a n i u m  g e t t e r .  A t  t h i s  p o i n t ,  a t h r o t t l e  va lve  
p e r m i t t e d  sampling t h e  gas  t o  t h e  mass spec t rometer  a n a l y s i s  

system. 

The p r e s s u r e  r e g u l a t o r  w a s  designed fo r  h igh  

The molecular  s i e v e  column conta ined  7.5 lb.  of z e o l i t e .  
This  i s  s u f f i c i e n t  t o  main ta in  t h e  e q u i l i b r i u m  p r e s s u r e  of  
water vapor below 10  torr f o r  a p e r i o d  of 1000 hour s  a t  a flow 
r a t e  of 1 torr-l i ter/sec.  The c o n t a i n e r  f o r  t h e  s i e v e  w a s  surrounded 
w i t h  an oven capable  of  r a i s i n g  t h e  temperature t o  300 OC. The 
oven also i s  su i t ab le  f o r  con ta in ing  d ry  ice t o  l o w e r  t h e  tempera ture  
t o  approximately -100 OF. 

-6 

S t r i p s  of .016 x 1" x 12 'I of t i t a n i u m  w e r e  wound i n  t h e  

shape of h e l i c e s .  A f t e r  winding, t h e  t i t a n i u m  w a s  degreased i n  
ace tone  and cleaned i n  a 1 HF - 4 HN03 - 1 5  H20 mixture.  
normal o p e r a t i o n ,  t h e  t i t a n i u m  i s  hea ted  t o  750 OC t o  g e t t e r  

t h e  N2, 02, CO and C02. 

During 

I n i t i a l l y ,  t h e  system i s  evacuated and a pressure of 100 

microns i s  m a i n t a i n e d  by a t h r o t t l i n g  va lve .  This  p r e v e n t s  any 
adsorbed gases  f r o m  t r a v e l i n g  from t h e  z e o l i t e  t o  t h e  t i t a n i u m  
f o i l .  Once p r e s s u r e  s t a b i l i t y  i s  a t t a i n e d ,  t h e  system i s  baked 

a t  300 OC, wi th  t h e  except ion  of  t h e  t i t a n i u m  g e t t e r .  The g e t t e r  
i s  heated s lowly t o  900 t o  950 OC. The i n i t i a l  f i r i n g  of t h e  

getter caused evo lu t ion  of l a r g e  q u a n t i t i e s  of hydrogen. The 
f i r s t  a n a l y s i s  a t  t h i s  temperature  r evea led  1% hydrogen i n  t he  

argon.  Subsequent degass ing  and o p e r a t i o n  of t h e  t i t a n i u m  a t  
750 OC caused t h e  hydrogen t o  be an i n s i g n i f i c a n t  (less than  3 

ppm) c o n t r i b u t i o n  t o  t h e  argon p u r i t y .  This  l e v e l  of hydrogen 
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i n  t h e  purge gas  w a s  n o t  considered impor tan t  and no attempt 
w a s  made t o  f u r t h e r  decrease  t h e  l e v e l .  

The system w a s  i n i t i a l l y  degassed a t  300 OC fo r  one week. 
An ove rn iqh t  degas w a s  s u f f i c i e n t  f o r  t h e  subsequent  exposures 
t o  atmosphere t o  lower t h e  impuri ty  l e v e l  t o  a s a t i s f a c t o r y  

p o i n t .  

Experimentation r evea led  t h e  b e n e f i t  o f  reducing  t h e  mole- 
c u l a r  s i e v e  temperature  t o  -100 OF. 

Figs .  9 and 1 0  are s p e c t r a  of t h e  gas  af ter  it h a s  been 
p u r i f i e d .  One a n a l y s i s  i s  performed a t  7 x and t h e  o t h e r  
a t  5.5 x lo-’ t o r r .  
scale s e n s i t i v i t y  i s  approximately 2 ppm for  t h e  a n a l y s i s  a t  
7 x 10’’ t o r r  and 2.5 ppm taken a t  5.5 x l o ”  t o r r .  
i t i e s  of -14 ppm and .25 ppm r e s p e c t i v e l y  of w a t e r  vapor are 
shown on t h e  two r e s p e c t i v e  curves.  On a l l  of  t h e  s p e c t r a  
t a k e n ,  a peak corresponding t o  a mass t o  charge r a t i o  of  16,  

occurs. The magnitude of t h i s  peak d i d  n o t  have any r e l a t i o n -  
s h i p  t o  t h e  2 8  o r  44 peak. It w a s  a t t r i b u t e d  to e l e c t r o n s  
s t r i k i n g  adsorbed ox ides  on t h e  metall ic surfaces. Carbon dio- 

x i d e  w a s  p r e s e n t  a t  .27 ppm. It i s  n o t  s e e n  on the  s p e c t r u m  
t aken  a t  7 x l o ”  t o r r  due  t o  t h e  t i m e  response of t he  a m p l i f i e r  
a f t e r  s a t u r a t i n g  w i t h  the  high argon s i g n a l .  

There are on ly  a fewpeaks p r e s e n t .  F u l l  

S e n s i t i v -  
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